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@ Image projection apparatus.

@ This invention is directed to an image projection
apparatus. The apparatus comprises a light source
(1) having first and second high-luminance light-
emitting portions («,a") along an optical axis, a re-
flecting mirror (21), arranged behind the light source
(1), for reflecting light beams from the first and
second light-emitting portions to direct the light
beam from the first light-emitting portion toward a
central portion of an image (6) and direct the light

FIG. 4

from the second light-emitting portion toward a pe-
ripheral portion of the image, a projection optical
system (9) for projecting the image on a plane, and
focusing means (31), arranged to be adjacent to the
image and having a larger focusing effect at a pe-
ripheral portion than at a central portion, for causing
the light beams from the first and second light-
emitting portions to be incident on the projection
optical system.
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an image pro-
jection apparatus and, more particularly, to an im-
age projection apparatus for projecting an image
formed by a liquid crystal panel onto a screen.

Related Background Art

Fig. 1 shows a fundamental construction of a
liquid crystal projector. As a light source, a metal
halide lamp 1 is generally used because of its color
rendering property and luminous efficiency. Light
emitted from the lamp 1 is reflected by a rotating
parabolic reflector 20 to become illuminance light
(collimated light) for a liquid crystal light valve 6. A
plano-convex condenser lens 30 having a spherical
surface is arranged to be adjacent to the liquid
crystal light valve 6 and located on the lamp 1
side. The illumination light is focused immediately
before the liquid crystal light valve 6 by the lens
30. The light (image light) emerging from the liquid
crystal light valve 6 is then focused into the ap-
erture (pupil) of a stop of a projection lens 9 (which
is so-called defined as Kdhler illumination system).

Since the metal halide lamp 1 is an arc lamp
driven by AC power supply having the structure
shown in Fig. 2, the lamp has the luminance dis-
tribution shown in Figs. 3A and 3B. Fig. 3A shows
an isoilluminance distribution viewed from a direc-
tion perpendicular to two electrodes 112 and 112’
in the lamp 1. Fig. 3B shows an illuminance dis-
tribution (in the direction of the optical axis) on a
line segment connecting points a and a' on the
electrodes 112 and 112'. As is apparent from Fig.
3B, there are two bright points « and «' separated
from each other by a distance substantially equal
to the distance between the electrodes 112 and
112" in the direction of the optical axis.

For this reason, in the above-described liquid
crystal projector, for example, as shown in Fig. 1,
even if the center of the arc of the metal halide
lamp 1 is aligned with the focal point of the rotating
parabolic reflector 20, some light components from
both the bright points « and o' are deviated from
predetermined optical paths (a1, a2, and a3) and
are not incident on the pupil of the projection lens
9, as indicated by broken lines b1 and b2 with
arrow heads. Therefore, these light components
cannot be effective image projection light. Even if
one of the bright points is aligned with the focal
point, since a light beam from the other bright point
does not become effective image projection light,
the light emitted from the lamp 1 cannot be effec-
tively used.
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SUMMARY OF THE INVENTION

It is an object of the present invention to pro-
vide an image projection apparatus which can effi-
ciently use the light emitted from a light source.

An image projection apparatus of the present
invention comprises a light source having first and
second high-luminance light-emitting portions along
an optical axis, a reflecting mirror, arranged behind
the light source, for reflecting light beams from the
first and second light-emitting portions to direct the
light beam from the first light-emitting portion to-
ward a central portion of an image and direct the
light from the second light-emitting portion toward
a peripheral portion of the image, a projection
optical system for projecting the image on a plane,
and focusing means, arranged to be adjacent fo the
image and having a larger focusing effect at a
peripheral portion than at a central portion, for
causing the light beams from the first and second
light-emitting portions to be incident on the projec-
tion optical system.

For example, the focusing means includes an
aspherical lens having a refracting surface whose
peripheral portion has a smaller curvature than a
center portion, a member having a central portion
formed of a flat surface perpendicular to the optical
axis, and a peripheral portion formed of a refracting
surface inclined with respect to the optical axis, or
a Fresnel lens or the like having a central portion
formed of a flat surface perpendicular to the optical
axis, and a peripheral portion formed of an array of
small prisms.

When the focusing means includes either the
member or the Fresnel lens mentioned above, for
example, the light source is arranged such that the
first light-emitting portion is located on the projec-
tion optical system side, and the second light-
emitting portion is located on the reflecting mirror
side. The reflecting mirror is an elliptic mirror, and
the first light-emitting portion is located at one of
focal points of the elliptic mirror which is closer
thereto. A stop of the projection optical system is
substantially located at one of the focal points of
the elliptic mirror which is farther therefrom. When
the focusing means includes the aspherical lens,
the light source is arranged such that the first light-
emitting portion is located on the projection optical
system side, and the second light-emitting portion
is located on the reflecting mirror side. The reflect-
ing mirror is a parabolic mirror. The first light-
emitting portion is located at the focal point of the
first parabolic mirror.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing a conventional image
projection apparatus;
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Fig. 2 is a view showing the structure of a metal
halide lamp 1 in Fig. 1;

Figs. 3A and 3B are charts showing a luminance
distribution formed along a pair of electrodes of
the metal halide lamp 1 in Fig. 1;

Fig. 4 is a view showing the first embodiment of
the present invention;

Fig. 5 is a view showing the second embodi-
ment of the present invention;

Fig. 6 is a view showing the third embodiment of
the present invention; and

Fig. 7 is a view showing the fourth embodiment
of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Fig. 4 shows an image projection apparatus
according to the first embodiment of the present
invention. Referring to Fig. 4, a rotating elliptic
reflector 21 is set such that one bright point a of a
metal halide lamp 1 is aligned at one of focal
points of the reflector 21, while the aperture center
(pupil center) of a stop 90 of a projection lens 9 is
aligned with the other one of focal points of the
reflector 21. A liquid crystal light valve 6 serves to
form an image by modulating incident light. The
liquid crystal light valve 6 is located between the
metal halide lamp 1 and the projection lens 9. An
aspherical condenser lens 31 having a central por-
tion formed of a flat surface and having a power
only at its peripheral portion is arranged to be
adjacent to the liquid crystal light valve 6 and
located on the lamp 1 side.

Since the bright point o« of the lamp 1 is
aligned at one focal point of the rotating elliptic
reflector 21, light beams emitted from the bright
point a are reflected by the reflector 21, and then
are radiated on only the central portion of the
condenser lens 31, as indicated by arrows a10 and
a20. Since the central portion of the condenser
lens 31 has no power, these light beams are frans-
mitted through the condenser lens 31 without being
influenced, and illuminate the liquid crystal light
valve 6. The light beams emerging from the liquid
crystal light valve 6 are focused on the aperture
center, of the stop 90 of the projection lens 9,
locating on the other one of focal points of the
reflector 21.

On the other hand, since the other bright point
a' of the metal halide lamp 1 is located to be
slightly closer to the inner side (reflector side) than
one focal point (the position of the bright point «) of
the reflector 21, light beams emitted from the
bright point o' slightly diverge and mainly illu-
minate the peripheral portion of the condenser lens
31, as indicated by arrows b10 and b20. The
refracting surface of the peripheral portion of the
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condenser lens 31 has a predetermined power. For
this reason, when the light beams pass through the
condenser lens 31, they are focused and illuminate
the peripheral portion of the liquid crystal light
valve 6, and pass through the liquid crystal light
valve 6 to reach the aperture of the stop 90 of the
projection lens 9. These light beams would not be
incident on the pupil of the projection lens 9 if the
condenser lens 31 is not provided therewith.

With this arrangement, light beams from one of
bright points in the metal halide lamp 1 can be
used as illuminance light in the central portion of
the liquid crystal light valve 6, while light beams
from the other one of the bright points can be
mainly used as illumination light for the peripheral
portion of the liquid crystal light valve 6. Therefore,
the utilization efficiency of light emitted from the
lamp 1 is greatly improved.

Fig. 5 shows the second embodiment in which
the image projection apparatus of the present in-
vention is applied to a single-plate type liquid cry-
stal projector. Referring to Fig. 5, a polarizing beam
splitter 3 removes unnecessary polarized light
components of light emitted from a metal halide
lamp 1. Polarizing plates 5 and 7 serve fo form an
image in cooperation with a liquid crystal light
valve 6. A Fresnel lens 8 has a central portion
formed of a flat surface. A prism portion is formed
only on a peripheral portion of the Fresnel lens 8.
Similar to the condenser lens 31, the Fresnel lens
8 has a power only at its peripheral portion. The
lamp 1, a reflector 21, and the lens 8 are arranged
in the same manner as in the first embodiment.
Therefore, a single-plate type liquid crystal projec-
for having high utilization efficiency can be re-
alized. In addition, since the Fresnel condenser
lens 8 has a sheet-like form, a simpler structure
can be easily realized by integrating the lens 8 and
the polarizing plate 5.

Fig. 6 shows the third embodiment in which the
image projection apparatus of the present invention
is applied to a three-plate type liquid crystal projec-
tor. Referring to Fig. 6, dichroic mirrors 12, 14, 15,
and 17 serve to perform color separation and color
synthesis of a light beam from a metal halide lamp
1. The projector includes reflecting mirrors 13 and
16. Fresnel condenser lenses 8, each having a
power only at its peripheral portion, are respec-
tively arranged, in the same manner as in the
second embodiment, behind (on the light source
side) liquid crystal light valves 6R, 6G, and 6B for
forming color images by using light beams of the
respective colors. An illumination optical system
having the same function as that in the first em-
bodiment is formed in each optical path of light of
each color. Therefore, in the three-plate type liquid
crystal projector, a liquid crystal projector having
high utilization efficiency of light can be realized.
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The condenser lens 31 used in the apparatus
shown in Fig. 4 may be substituted for the fresnel
condenser lens 8 used in the apparatuses shown in
Figs. 5 and 6.

Fig. 7 shows an image projection apparatus
according to the fourth embodiment of the present
invention. The same reference numerals in Fig. 7
denote the same members as in Fig. 4.

The apparatus includes a discharge-type light
source constituted by a metal halide lamp 1, a
reflector 20 having a parabolic surface, and an
aspherical condenser lens 32. A central portion of
the lens 32 has almost the same power (1/f: f =
focal length) as that of the condenser lens 30 in
Fig. 1, whereas a peripheral portion of the lens 32
has a larger power than the central portion. One of
bright points of the lamp 1, namely « is aligned
with one focal point of the parabolic reflector 20.

Note that an area A on which the maximum
amount of light from the lamp 1 is radiated. Light
beams emitted from the bright point « of the lamp
1 are converted into substantial collimated light
beams al0 and a20 by the reflector 20 and are
focused into the aperture of a stop 90 of a projec-
tion lens 9 by the condenser lens 32.

Since the other one of bright points of the lamp
1, namely ' is located to be slightly closer to the
inner side (reflector side) than one focal point of
the reflector 20, light beams emitted from the
bright point «' become light beams b10 and b20
which slightly diverge and reach the peripheral
portion of the condenser lens 32. The light beams
b10 and b20 are then focused by the large focus-
ing power of the peripheral portion of the con-
denser lens 32 to pass through the aperture of the
stop 90 of the projection lens 9.

In this manner, the light beams, which slightly
diverge and illuminate the peripheral portion of the
liquid crystal light valve 6 and which have not been
able to reach the aperture of the stop 90 of the
projection lens 9 without the condenser lens 32,
can be focused into the aperture of the stop 90.
Therefore, the amount of light at a peripheral por-
tion of an image projected on a screen can be
increased.

The present invention is not limited to the
above-described embodiments, and various modi-
fications can be made without departing from the
spirit and scope of the invention. For example, the
present invention can be applied to an apparatus in
which at least some of light beams from an illu-
mination system are not collimated, and the non-
collimated light beams illuminate a peripheral por-
tion of an object to be illuminated. As a condenser
lens used in the present invention, any condenser
lens having a larger focusing power at a peripheral
portion than at a central portion may be used, and
the central portion may or may not have a power.
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If, however, the reflector has an elliptic reflecting
surface, and the reflecting surface itself has a
strong focusing effect, the central portion of the
condenser lens need not have a power. In addition,
one bright point a« of the light source may be
located at the focal point of the reflector, while the
other bright point «' may be located on the op-
posite side (image side) to the reflector. In any
cases, the two bright points of the light source are
preferably arranged on the optical axis of the re-
flector.

In each embodiment described above, each of
the condenser lenses 8, 31, and 32 is arranged to
be adjacent to the liquid crystal light valve 6 and
located on the lamp 1 side. However, each con-
denser lens may be arranged on the projection
lens 9 side, or may be arranged to be closer to the
lamp 1 when the divergence angle of off-axis diver-
gent light which does not propagate into the ap-
erture of the stop 90 of the projection lens 9 is
large.

As has been described above, according to the
present invention, light illuminating a peripheral
portion of an object to be illuminated can be effi-
ciently guided to a pupil of a projection optical
system. In addition, by applying the present inven-
tion to a liquid crystal projector, especially the
luminance of a peripheral portion of an image pro-
jected on the screen can be increased.

This invention is directed to an image projec-
tion apparatus. The apparatus comprises a light
source having first and second high-luminance
light-emitting portions along an optical axis, a re-
flecting mirror, arranged behind the light source, for
reflecting light beams from the first and second
light-emitting portions to direct the light beam from
the first light-emitting portion toward a central por-
tion of an image and direct the light from the
second light-emitting portion toward a peripheral
portion of the image, a projection optical system for
projecting the image on a plane, and focusing
means, arranged to be adjacent to the image and
having a larger focusing effect at a peripheral por-
tion than at a central portion, for causing the light
beams from the first and second light-emitting por-
tions to be incident on the projection optical sys-
tem.

Claims

1. An image projection apparatus comprising:

a light source having first and second
high-luminance light-emitting portions along an
optical axis;

a reflecting mirror, arranged behind said
light source, for reflecting light beams from the
first and second light-emitting portions fo direct
the light beam from the first light-emitting por-



7 EP 0 603 583 A1

tion toward a central portion of an image and
direct the light from the second light-emitting
portion toward a peripheral portion of the im-
age;

a projection optical system for projecting
said image on a plane; and

focusing means, arranged to be adjacent
fo said image and having a larger focusing
effect at a peripheral portion than at a central
portion, for causing the light beams from the
first and second light-emitting portions to be
incident on said projection optical system.

An apparatus according to claim 1, wherein
said focusing means includes an aspherical
lens having a refracting surface whose periph-
eral portion has a smaller curvature than a
center portion.

An apparatus according to claim 1, wherein
said focusing means includes a member hav-
ing a central portion formed of a flat surface
perpendicular to said optical axis, and a pe-
ripheral portion formed of a refracting surface
inclined with respect to said optical axis.

An apparatus according to claim 1, wherein
said focusing means includes a Fresnel lens
having a central portion formed of a flat sur-
face perpendicular to the optical axis, and a
peripheral portion formed of an array of small
prisms.

An apparatus according to claim 1, wherein
said light source is arranged such that the first
light-emitting portion is located on the projec-
tion optical system side, the second light-emit-
ting portion is located on the reflecting mirror
side, said reflecting mirror is an elliptic mirror,
and the first light-emitting portion is located at
one of focal points of said elliptic mirror which
is closer thereto.

An apparatus according to claim 3, wherein
said light source is arranged such that the first
light-emitting portion is located on the projec-
tion optical system side, the second light-emit-
ting portion is located on the reflecting mirror
side, said reflecting mirror is an elliptic mirror,
and the first light-emitting portion is located at
one of focal points of said elliptic mirror which
is closer thereto.

An apparatus according to claim 4, wherein
said light source is arranged such that the first
light-emitting portion is located on the projec-
tion optical system side, the second light-emit-
ting portion is located on the reflecting mirror
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10.

11.

12,

13.

14.

15.

side, said reflecting mirror is an elliptic mirror,
and the first light-emitting portion is located at
one of focal points of said elliptic mirror which
is closer thereto.

An apparatus according to claim 5, wherein a
stop of said projection optical system is sub-
stantially located at one of the focal points of
said elliptic mirror which is farther therefrom.

An apparatus according to claim 6, wherein a
stop of said projection optical system is sub-
stantially located at one of the focal points of
said elliptic mirror which is farther therefrom.

An apparatus according to claim 7, wherein a
stop of said projection optical system is sub-
stantially located at one of the focal points of
said elliptic mirror which is farther therefrom.

An apparatus according to claim 1, wherein
said light source is arranged such that the first
light-emitting portion is located on the projec-
tion optical system side, the second light-emit-
ting portion is located on the reflecting mirror
side, said reflecting mirror is a parabolic mir-
ror, and the first light-emitting portion is lo-
cated at a focal point of said first parabolic
mirror.

An apparatus according to claim 2, wherein
said light source is arranged such that the first
light-emitting portion is located on the projec-
tion optical system side, the second light-emit-
ting portion is located on the reflecting mirror
side, said reflecting mirror is a parabolic mir-
ror, and the first light-emitting portion is lo-
cated at a focal point of said first parabolic
mirror.

An apparatus according to claim 1, wherein
said focusing means is disposed between said
light source and said image.

An apparatus according to claim 1, wherein
said focusing means is disposed between said
image and said light source.

An apparatus according to claim 1, further
comprising a liquid crystal panel for forming
the image.
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